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partner for ashwin. MO-mediated reduction in Pc1 yields increased
expression of beta-catenin-dependent promoters. Our results sug-
gest that ashwin and Pc1 act together to inhibit beta-catenin/TCF-
dependent transcription during Xenopus development.
doi:10.1016/j.ydbio.2008.05.359
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Molecular mechanisms regulating the transcription of an
organizer-speciﬁc gene: chordin
Yan Zhang, Michael Sheets
Department of Biomolecular Chemistry, University of
Wisconsin–Madison, Madison, WI, USA
My goal is to identify and understand molecular mechanisms
controlling cell-fate determination during the earliest stages of
vertebrate embryogenesis. I have focused on the chordin gene
speciﬁcally expressed by the cells of Spemann's Organizer in
embryos of frog, Xenopus Laevis. Secreted proteins expressed by
the Organizer cells, such as chordin, inﬂuence the fates of
neighboring cells. In particular, ectopic chordin expression in non-
organizer cells directs the formation of secondary trunks while
reducing chordin expression in the organizer cells causes anterior
defects and defects in mesodermal patterning. These ﬁndings
demonstrate the critical role of chordin in controlling cell fates and
highlight the importance of processes that conﬁne chordin expres-
sion to the organizer cells. However, despite their importance, little
is known about the molecular mechanisms that regulate chordin
transcription. To address this issue, I identiﬁed a genomic fragment
containing the chordin promoter that was capable of directing
organizer-speciﬁc expression of a transgenic reporter and reporter
genes microinjected into organizer progenitor cells. I have used
reporter assays and a variety of mutant promoters to deﬁne regu-
latory elements that drive mesoderm-speciﬁc expression and
elements responsible for activating chordin transcription in response
to b-catenin, siamois, VegT, and nodal signaling. My results provide
valuable new insights into the speciﬁc mechanisms that regulate
chordin transcription and more general insights into the control of
organizer-speciﬁc gene expression.
doi:10.1016/j.ydbio.2008.05.360
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hnRNP K is required for axon outgrowth and neuroﬁlament
protein synthesis in Xenopus
Ben G. Szaro , Yuanyuan Liu
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Axon outgrowth requires coordinating cytoskeletal gene expres-
sion to meet the ﬂuctuating demands for structural polymers.
Accommodating this rapidly shifting demand would be difﬁcult to
achieve through transcriptional control alone but would be facilitated
by placing cytoskeletal protein synthesis under strong translational
control. For example, neuroﬁlament (NF) RNAs shift from poorly to
efﬁciently translated pools during optic axon regeneration, indicating
that these cytoskeletal proteins are indeed under such translational
control. hnRNP K is a ribonucleoprotein that associates with three NF
RNAs and has been implicated in multiple facets of post-transcrip-
tional control. To assess its role in neural development, antisense
morpholino oligonucleotides were injected into Xenopus blastomeres,
successfully suppressing hnRNP K expression after gastrulation.
Although neurons expressed several terminal differentiation markers,
they failed to form axons. NF-medium (NF-M) RNA, a target of hnRNP
K, was expressed, but it was inefﬁciently exported from the nucleus
and was not translated. In contrast, peripherin RNA, which is not a
target, was exported and translated normally. Because its knockdown
also disrupted the cytoarchitecture of neuronal microtubules and
microﬁlaments, which do not depend on NFs, hnRNP K likely plays a
role in post-transcriptional control of not just NF-M, but also
additional cytoskeletal associated proteins needed for axon out-
growth. These ﬁndings indicate that hnRNP K may be a shared
element of post-transcriptional regulatory modules directing the
synthesis of proteins needed to build the axon. Funded by NSF, IOS
643147.
doi:10.1016/j.ydbio.2008.05.361
Program/Abstract # 339
Identifying regulatory elements of the transcription factor Tbx5
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TBX5, a T-box transcription factor, plays critical roles during
vertebrate heart development. Mutations in TBX5 result in Holt–
Oram syndrome, a human disorder characterized by congenital heart
and upper limb defects. Tbx5 is one of the earliest markers of the
cardiac ﬁeld, but also functions in later aspects of cardiogenesis
including conduction system development and chamber differentia-
tion. While the temporal and spatial pattern of Tbx5 expression has
been examined during development, the mechanisms that control
this process have not. Using a Xenopus BAC library we isolated
regions surrounding the coding sequence of Tbx5 and examined the
ability to induce expression of GFP in the developing Xenopus heart.
After establishing the regulatory elements critical for the expression
of Tbx5 in Xenopus tissues we examined the evolutionary conserva-
tion of the elements by determining their ability to function during
mouse cardiogenesis. Additionally, studies in our lab suggest Tbx5 is
regulated at a post-translational level. Proteomics and mass spectro-
metry approaches are presently being used to purify and character-
ize TAP-tagged TBX5 from embryonic hearts. Together these studies
will give us a better understanding of how Tbx5 is regulated during
cardiogenesis and provide insight as to potential points of mis-
regulation in Holt–Oram syndrome.
doi:10.1016/j.ydbio.2008.05.362
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Conserved gap43 regulatory regions regulating developmental
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We are interested in identifying molecular signaling pathways
that regulate axon growth in the developing and regenerating
vertebrate nervous system. The goal of this study is to identify gene
regulatory elements that are targets of these signaling pathways.
We have previously shown that a 3.6 kb fragment from the 5′ gene
regulatory sequence of Fugu gap43 is sufﬁcient to drive neuron-
speciﬁc reporter gene expression in the developing and regenerat-
ing zebraﬁsh nervous system. A 2.9 kb deletion from the 5′ end of
this sequence has shown that the remaining 708 bp reporter gene
drives expression in developing but not regenerating neurons.
These results indicate that the 2.9 kb region contains elements that
are necessary for regenerative expression. We are interested
identifying the regulatory elements in this 2.9 kb fragment that
are necessary for driving regenerative expression in the zebraﬁsh
CNS. To this end we have created stable transgenic reporter
zebraﬁsh in which one or more segments encompassing distal,
intermediate, and/or proximal conserved gap43 promoter sequences
have been deleted. Preliminary analysis of developmental expres-
sion in F1 progeny from these lines has shown that the deletions
result in changes to the expression pattern in both a global and
regional manner in the developing nervous system. We are in the
process of characterizing reporter gene activity in regenerating
neurons in the adult CNS.
doi:10.1016/j.ydbio.2008.05.363
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The transcriptional repressor REST regulates Sonic Hedgehog
signaling during zebraﬁsh development
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The spatial and temporal control of gene expression is key to
generation of speciﬁc cellular fates during development. Studies of
the transcriptional repressor REST/NRSF (RE1 Silencing Transcription
factor or Neural Restrictive Silencing Factor) have provided
important insight into the role that epigenetic modiﬁcations play
in differential gene expression. REST binds to a 21 base pair
element, the RE1 site, that is associated with hundreds of neural
genes. REST recruits co-repressor complexes involved in chromatin
condensation, leaving target genes less accessible to transcriptional
activators. Initially, REST was shown to repress expression of neural
genes in non-neural tissue, but recent studies reveal a role for REST
in regulating gene expression within the nervous system. However,
the precise function of REST in neurogenesis is not well understood.
We are investigating REST function using zebraﬁsh embryos and
have discovered a novel interaction between REST and the Sonic
Hedgehog (Shh) pathway. We found that REST is a negative
regulator of Shh signaling. While REST morphants show a modest
increase in Shh target gene expression, they are hypersensitive to
exogenous Shh. Likewise, overexpression of REST mRNA counteracts
Shh overexpression effects. Epistatic analysis has revealed that REST
interacts with the Shh pathway at a step downstream of PKA.
Studies to determine the precise mechanism of regulation of Shh
signaling by REST are ongoing. The role of REST as an inhibitor of
Shh signaling is not limited to the nervous system and has broad
implications for many developmental contexts where Shh plays a
key role.
doi:10.1016/j.ydbio.2008.05.364
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Repression of P53 downstream of dual speciﬁcity phosphatase 4 is
essential for late endoderm speciﬁcation in early zebraﬁsh
development
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DUSP4 is a member of the dual speciﬁcity protein phosphatase
subfamily that inactivates MAP kinases by dephosphorylating
phosphoserine/threonine and phosphotyrosine residues. We found
that maternal dusp4 is ubiquitously expressed whereas zygotic
dusp4 marks marginal precursors of mesoderm and endoderm. At
the late gastrula stage dusp4 is expressed in the dorsal forerunner
cells. To determine the function of zygotic DUSP4, embryos were
injected with morpholino oligonucleotides that block mRNA splicing.
On day two, DUSP4 morphants display small and necrotic heads,
indicating an essential role for DUSP4 in anterior development.
Morphants also display short axes and curved tails. An independent
splice-blocking MO targeting dusp4 yielded indistinguishable results.
We could rescue these defects by co-injection of dusp4 mRNA.
Interestingly the phenotype could also be rescued by co-injection of
a P53 MO, indicating an epistatic relationship between p53 and
dusp4. Given dusp4's expression in the margin, we investigated the
expression of mesoderm and endoderm markers in DUSP4 mor-
phants. We observed reduced expression of the late endoderm
marker sox17, while the expression of other late and early endoderm
markers remained intact. Co-injection of the p53 MO also rescued
sox17 expression. Our results indicate that DUSP4 has an essential
role in anterior development and late endoderm speciﬁcation and
that these functions are mediated by p53.
doi:10.1016/j.ydbio.2008.05.365
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Trap230 and neural crest development
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Kohtalo (kto) encodes the protein Trap230, a component of the
general transcriptional mediator complex. Interestingly, rather than
being defective in all transcriptional activation, zebraﬁsh kohtalo
mutant embryos show speciﬁc defects in brain, kidney and neural
crest development. Neural crest cells are a multipotent population of
cells that migrate to diverse regions of the embryo where they
differentiate into a wide range of derivatives including neurons and
support cells of the peripheral nervous system, pigment cells,
craniofacial cartilage and bone, smooth muscle and subregions of
the heart. Trap230 has previously been shown to interact with, and act
as a co-activator of Sox9, an important regulator of neural crest deve-
lopment. In this work we have cloned the Xenopus Kohtalo homolog.
Putative translation shows the protein shares 74% identity with the
zebraﬁsh sequence. RT-PCR analysis indicates that XKto is maternally
expressed and in situ hybridization shows ubiquitous dorsal expres-
sion early in development. At stage 13, XKto becomes apparent in the
developing neural crest cells at the neural plate border. Expression
remains strong in the neural crest cells as they undergo migration and
by tailbud stages XKto is seen throughout trunk neural crest and
pharyngeal arches. Morpholino oligonucleotide depletion of XTrap230
results in perturbation of neural crest migration. This is similar to the
mutant and morphant phenotypes seen in zebraﬁsh embryos. The
availability of the Xenopus gene will complement our studies with
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